ADDITIONAL INDEX WORDS. Petunia ·hybrida, growing media, fertigation, floriculture SUMMARY. The objective of this study was to evaluate the growth and flowering of petunia (Petunia ·hybrida) transplants in response to seven commercial substrates with two water sources (fertigation and clear water irrigation). Seven commercial substrates used were Sunshine #1 Natural & Organic (SS), Metro-Mix 360 (MM), AgriTech (AT), Cornell Peat-Lite Mix B (CB), Jeff 's Organic (JO), LM-18, and LM-111. The experiment was a completely randomized 2 · 7 factorial design with six single-pot replications per treatment. With fertigation, substrate electrical conductivity (EC) decreased over time to 38 days after transplanting (DAT), and then did not further change. The AT substrate EC value was greater than others during the first 38 DAT. With clear water irrigation, substrate EC decreased over time to 31 DAT, and then did not further change. The AT substrate EC value was greater than other substrates during the entire petunia growth period. With fertigation, all substrate pH values were between 6.5 and 7.5 except AT and CB. The AT substrate had the greatest pH ranging from 7.5 to 8.0 during the petunia growth period. The CB substrate exhibited the lowest pH, which was between 5.8 and 6.3. Clear water irrigation had greater substrate pH values than fertigation. There was a substrate and water interaction for calcium (Ca), potassium (K), ammonium-nitrogen (NH 4
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F
or transportation cost and environmental concerns, there is increased pressure to use alternatives to peat as a substrate component and instead increase the use of waste materials, such as organic wastes that often go to landfills (Abad et al., 2002; Danaher et al., 2013; Garcia-Ortuño et al., 2012; Hern andez-Apaolaza et al., 2005) . Many substrate components exist for horticultural production, including low-cost, local peat alternatives such as sawdust, pine bark, coconut fiber, sewage sludge, chicken manure, and cattle manure (Ao et al., 2008; Hern andez-Apaolaza et al., 2005) . In addition, the limes and preplant nutrient charge fertilizers can be usually added in certain commercial substrates for requirement of plant growth (Argo and Biernbaum, 1996) . These can result in different physical and chemical properties between commercial substrates, especially nutrient composition (Abad et al., 2002; Benito et al., 2006; Higashikawa et al., 2010) . Higashikawa et al. (2010) systematically studied the chemical and physical properties of charcoal, coffee husk, pine bark, cattle manure, chicken manure, coconut fiber, sewage sludge, peat, and vermiculite. Results showed that coffee husk, sewage sludge, chicken manure, and cattle manure generally were richer in nutrients than others. The EC values of these residues were also the highest. Peat and sewage sludge had the greatest bulk density. The Na concentrations varied from 0 to 4.75 gÁkg -1 , with the greatest concentrations in chicken manure, cattle manure, and sewage sludge.
Different substrates contain different components that could have direct and/or indirect effects on plant growth and development (Ghehsareh et al., 2012) . Zaller (2007) found that commercial peat potting substrates including vermicompost influenced, specifically for each tomato (Solanum lycopersicum) variety, emergence and elongation of seedlings. Tomato seedling growth was greatest after substituting 25% to 50% pig manure vermicompost for commercial substrate [MM; Sun Gro Horticulture, Agawam, MA (Atiyeh et al., 2001) ]. Danaher et al. (2013) evaluated petunia growth response to amending a commercial potting mix (Fafard 3B; Conrad Fafard, Agawam, MA) with different amounts of dewatered aquaculture effluent. Growth of petunia was greatest after substitution of Fafard 3B with 25% dewatered aquaculture effluent. The fertility value of substrate amendments can also reduce the need for fertilizer additions (Raviv, 2013) . Therefore, fertilizer regime should be reconsidered when switching substrates or substrate components. Petunia is one of the most popular bedding plants worldwide and the most popular bedding plant in the United States with an annual wholesale value of $130 million (U.S. Department of Agriculture, 2014 calcium carbonate (CaCO 3 ). On 11 Nov. 2012, uniform 4-week-old seedlings of petunia were transplanted into 6-inch-diameter round pots (1.7 L volume) containing the aforementioned substrates. All pots were placed on raised benches. For the first 3 d, all pots were overhead irrigated with clear water as needed. Thereafter, pots were overhead watered as needed according to treatment with either clear tap water or fertigation. All treatments were watered until substrate reached container capacity (i.e., until water just began to drip from the bottom of the pot). Plants were grown under natural daylength in late winter.
DATA COLLECTION. Substrate leachate was collected weekly using the nondestructive PourThru extraction method (Wright, 1986) . Substrate leachate pH was measured using a pH meter (pHTestr 20; Oakton Instruments, Vernon Hills, IL), and EC using an EC meter (ECTestr 11, Oakton Instruments). The pH and EC meters were calibrated daily. After 7 weeks, leachate elemental concentrations of Ca, K, NH 4 + -N, NO 3 --N, Na, and chloride (Cl) were measured using a multi-ion meter (CG001; CleanGrow, Vacaville, CA). The meter was calibrated with reference solutions. Leaf chlorophyll index (SPAD) was quantified for all plants using a nondestructive dual-wavelength chlorophyll meter (Minolta SPAD-502 chlorophyll meter; Spectrum Technologies, Plainfield, IL) by averaging measurements from three recently mature leaves per plant. Flower number (at anthesis of the first flower) Table 1 . Manufacturers, names, and component descriptions of seven commercial substrates studied to evaluate petunia growth and flowering in response to different commercial substrates with two water sources (fertigation and clear water irrigation). The experiment was performed as a 2 · 7 factorial evaluating two water sources and seven commercial substrates. On 11 Nov. 2012, uniform 4-week-old seedlings of petunia were transplanted into 6-inch-diameter (15.2 cm) round pots [1.7 L (0.45 gal) volume] containing the commercial substrates. For the first 3 d after petunia transplanting, all pots were overhead irrigated with clear water as needed. Thereafter, pots were overhead watered as needed according to treatment with either clear tap water or fertigation using 150 mgÁL L1 (ppm) nitrogen 21N-2. 
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• August 2016 26 (4) was recorded. Plant shoots were removed from the container at the substrate surface and oven dried at 70°C for 48 h to determine shoot DW. Root index was evaluated using a 0 to 5 scale, with 0 indicating no visible roots at the substrate surface and 5 indicating visible roots were matted on the surface of the substrate (Bi et al., 2009; Li and Mattson, 2015) . STATISTICAL ANALYSIS. Two-way analyses of variance on data were performed using the general linear model program of SAS (proc GLM, version 9.3; SAS Institute, Cary, NC) to determine the main effect of substrate and water. Means were separated by Tukey's honestly significant difference test at P £ 0.05.
Results and discussion

SUBSTRATE EC AND PH VALUES.
The EC differed greatly among substrates, and to a lesser extent in response to fertilizer treatment (Fig. 1 The EC values quantify all salts dissolved in solution including fertilizer and nonfertilizer salts. These EC indicated that AT either had the highest fertility or highest nonfertilizer salts (or both) among the commercial substrates. Cavins et al. (2000) suggests that optimal EC for petunia according to PourThru extraction method is, between 2.0 and 3.5 mSÁcm -1 . Thus, it would appear that for most substrates except AT, EC was not high enough for optimal growth of petunia plants even with the fertigation treatment.
Substrate pH is an important chemical property that strongly influences nutrient release in substrates (Ao et al., 2008; Yeager et al., 1983) . The pH was affected by both substrate and fertilizer treatment (Fig. 1) . With fertigation, all substrate pH values were between 6.5 and 7.5, except AT and CB. The AT substrate (a dairy manure-based substrate) had the greatest pH ranging from 7.5 to 8.0 during the petunia growth period. The CB substrate exhibited the lowest pH, which was between 5.8 and 6.3. Clear water irrigation had greater substrate pH values than fertigation. The decreased pH for the fertilizer treatment is likely because the fertilizer used is moderately acidic (potential acidity 390 lb/ton CaCO 3 equivalent), whereas the tap water used in this study had moderate alkalinity (115 mgÁL -1 CaCO 3 equivalent) (Camberato et al., 2013) . In soilless substrate culture, optimal pH varies depending on plant species (Bunt, 1988) . The suggested optimal substrate pH range for petunia is 5.4-6.2 because it is sensitive to iron and manganese toxicity at higher substrate pH (Argo, 2004; Cavins et al., 2000) . Only the CB substrate gave an optimal pH for petunia during the experimental period. SUBSTRATE LEACHATE NUTRIENTS. Table 2 shows the elemental concentrations in leachate from different commercial substrates under fertigation or clear water irrigation as taken 52 DAT. There was a substrate and water interaction for Ca, K, Na, NH 4 + -N, and NO 3 --N concentrations in substrate leachate ( Table 2) . As expected, in many . Vertical bars represent SE (n = 6); *P < 0.05, ***P < 0.001; 1 mSÁcm L1 = 1 mmho/cm.
• August 2016 26(4) ). This suggests that the addition of fertilizer either led to increased leaching of Na from the container or increased plant uptake of Na. Fertilizer treatment had no effect on leachate Na concentration of the other substrates. Meanwhile, the main effect of substrates affected leachate Na concentrations. The AT substrate had significantly higher substrate leachate Na concentration as compared with the other substrates. For SS, CB, JO, LM-18, and LM-111, leachate Na concentrations did not differ from one another and had an average value of 25.5 mgÁL ) was greatest among the substrates. The high Na and Cl concentrations in AT substrate may be due to the dairy manure solids as this was the only substrate to contain this amendment.
PETUNIA GROWTH. Petunia DW and RI were affected by different commercial substrates and irrigation water source, but not by their interaction (Table 3) . For all substrates, petunia DW and RI were greater when fertilizer was applied than clear water. For the seven substrates: SS, AT, CB, JO, LM-18, LM111, and MM, petunia DW increased by 171%, 32%, 157%, 124%, 76%, 90%, and 157%, respectively, if the plants were fertigated as compared with watered. This suggests that AT substrate followed by LM-18 and LM111 had the greatest nutrient charge incorporated into the substrate by the manufacturers. A grower fertigating with 150 mgÁL -1 N can improve petunia DW and RI. With fertigation, petunias grown in AT substrate had the greatest DW, which was statistically the same as LM-18. Petunia DW did not differ between LM-18 and SS. Petunias grown in JO substrate had the lowest DW, and this was statistically the same as LM-111 and MM. With clear water irrigation, petunias grown in AT substrate had a greater DW than others. Petunias grown in LM-18 substrate with clear water irrigation had a greater DW than SS, CB, JO, LM-111, and MM. Petunias grown in AT and LM-18 substrates receiving fertigation had a greater RI than others. Petunias grown in SS substrate with fertigation had a greater RI than CB, JO, LM-111, and MM. With clear water irrigation, a similar trend for the substrates as in fertigated plants was found for petunia RI.
Petunia flower number was affected by different commercial substrates, irrigation water source, and their interaction (Table 3 ). The flower number of petunias grown in SS, CB, JO, LM-111, and MM substrates receiving fertigation was greater than clear water irrigation. However, the flower number of petunias grown in AT and LM-18 substrates was unaffected by irrigation water source, which averaged 8.3 and 4.1 flowers/ plant, respectively. The AT substrate had the greatest petunia flower number among all the substrates. James and van Iersel (2001) observed that N concentration in substrate affected petunia flower development. In addition, substrate components have also been found to affected petunia flower number. Arancon et al. (2008) found maximum number of flowers in substrates including 30% to 40% vermicompost and at levels greater than 40% vermicompost, a decrease in flower production was observed. However, the substrate including 5% to 50% dewatered aquaculture effluent was not found to affect petunia flower number (Danaher et al., 2013) . There was a substrate and water interaction for petunia SPAD readings (Table 3 ). The SPAD readings of petunia grown in AT substrate were less when fertigation (21.3) was used than clear water irrigation (26.8), but water source had no effect on the SPAD readings of petunia grown in the other substrates. The main effect of substrates affected petunia SPAD readings. With fertigation, SPAD reading of petunia grown in CB substrate (41.2) was greater than LM-111 (35.5) and AT substrates, but this was statistically the same as SS, JO, LM-18, and MM. The SPAD reading of petunia grown in AT substrate was the lowest among all the substrates. With clear water irrigation, SPAD reading of petunia grown in AT substrate was less than the other substrates. Petunias grown in AT substrate were observed to have interveinal leaf chlorosis as compared with the other substrates. The high pH value of AT substrate could result in iron deficiency (Camberato et al., 2013) . Some studies found a high correlation between low iron concentration in the leaf and reduced chlorophyll index using a SPAD meter ( Alvarez-Fern andez et al., 2005; Peryea and Kammereck, 1997) .
Conclusions
Among all the substrates, DW, RI, and flower number of petunia grown in AT substrate were greatest, but the SPAD reading was the lowest under either fertigation or clear water irrigation treatments. Although AT, a dairy manure-based substrate, led to greatest plant growth measurements, additional steps need to be taken to ensure pH and micronutrient availability to plant are optimized. For SS, MM, CB, JO, LM-18, and LM-111 substrates, fertigation increased petunia DW, RI, and flower number as compared with clear water irrigation, but not SPAD chlorophyll index. The different commercial substrates studied in this experiment dramatically affected petunia growth and flowering. Differences in growth (DW, RI, and flower number) according to substrate were especially apparent for unfertilized plants and serve to highlight that commercial substrates vary greatly in their nutrient supply and retention. But, even when plants received continuous fertigation, substrate choice had a substantial effect on final plant size and quality. For example, DW varied from 1.21 to 3.03 g. These findings suggest that selection of commercial substrate can play a large role in subsequent plant performance in production of containerized greenhouse plants. Commercial greenhouse industry members should conduct inhouse trials of substrates to select one that performs well in their growing environment and with their fertilization practices.
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